The clinical value of measuring testosterone and estradiol in older men with osteoporosis and of measuring bone mineral density (BMD) in older men with testosterone or estradiol deficiency is uncertain.
I
NCREASINGLY, OSTEOPOROSIS IS recognized as an important disease in elderly men. With aging, older men experience bone loss and are at increased risk for osteoporosis-related fractures. Among factors reported to be associated with bone health in older men, a growing amount of literature has examined the role of sex steroids.
In older men, cross-sectional studies generally have found that estradiol correlates positively and more strongly with bone mineral density (BMD) than does testosterone (1) (2) (3) (4) (5) (6) , and that the respective bioavailable fractions are more strongly correlated with BMD than are total estradiol and testosterone (1, 4 -7) . A more sparse amount of literature of longitudinal studies has suggested that estradiol levels inversely correlate with bone loss but that an association between testosterone and bone loss is weaker or absent (3, 5, 8) .
Although provocative, these studies provide little guidance regarding the clinical utility of measuring sex steroid levels in older men when BMD is known or measuring BMD in older men when sex steroid levels are known. Ultimately, the value of such additional testing may depend on not just the likelihood of identifying an abnormality but whether the new information may alter patient management.
There also is uncertainty regarding how to define osteoporosis (9, 10) and low sex steroid levels (11, 12) in older men. Because BMD is a continuous risk factor for fractures and sex steroids have a complex relationship with bone and other health outcomes, any categorical definition of abnormal is ultimately arbitrary. Nevertheless, cut points may assist clinical decision making if meaningfully related to patient prognosis or treatment (13) .
In this context, this study examines, in a large geographically diverse cohort of older men, how applying a conventional definition of osteoporosis as a clinical screening threshold for measuring testosterone and/or estradiol levels identifies older men meeting a priori biochemical definitions for testosterone and/or estradiol deficiency. Analogously, this study examines how applying these definitions for testosterone and/or estradiol deficiency as screening thresholds for BMD testing identifies older men with osteoporosis and/or subsequent rapid bone loss.
Subjects and Methods Participants
Community-dwelling men aged 65 yr or older were recruited for the prospective Osteoporotic Fractures in Men Study (MrOS) at six U.S. sites: Birmingham, Alabama; Minneapolis, Minnesota; Palo Alto, California; Pittsburgh, Pennsylvania; Portland, Oregon; and San Diego, California. MrOS exclusion criteria included an inability to walk without assistance and a history of bilateral hip replacement. The MrOS study design and recruitment have been described in detail elsewhere (14, 15) .
Of 5995 MrOS participants attending the baseline examination (March 2000 to April 2002), 5994 (Ͼ99.9%) completed technically adequate measurements of hip BMD by dual-energy x-ray absorptiometry (DXA). From September 2002 through May 2003, men enrolled at the Birmingham and Portland centers were invited to participate in a MrOS ancillary study to identify determinants of periodontal disease in older men. Endogenous sex steroid levels collected at baseline were assayed in a stratified sample of men, with strata consisting of race (white, nonwhite), completion of baseline hip and spine quantitative computed tomography (yes, no), and participation in the dental ancillary study (yes, no). Within each stratum, participants were sampled with known probability. All nonwhite participants were sampled, whereas those with complete quantitative computed tomography skeletal measurements or from the Birmingham and Portland sites were oversampled. The sample target was 2643 participants and a sample of 2623 (99%) was achieved. After exclusion of 173 men receiving testosterone supplementation or androgen suppression therapy at MrOS baseline and three men with incomplete sex steroid data, there remained 2447 participants with both baseline DXA hip BMD and complete sex steroid measurements. These men formed the cohort for the cross-sectional analyses.
Of the 1360 men from Birmingham and Portland included in the cross-sectional analyses, 1236 (90.9%) attended the dental (second) examination, with 1235 (Ͼ99.9%) completing technically adequate DXA measurements of hip BMD. Change in hip BMD could not be calculated for eight men because the same hip was not scanned at both visits. There remained 1227 men who formed the cohort for the longitudinal analyses. The mean interval between examinations was 1.8 Ϯ 0.4 yr (sd).
Written informed consent was obtained from all participants, and institutional review boards at all participating centers approved the study protocol.
Measurement of BMD
At the baseline and second examinations, participants underwent BMD (grams per square centimeter) measurement of total hip, femoral neck, and lumbar spine with DXA (QDR 4500W; Hologic, Inc., Waltham, MA). All hip BMD measurements were made on the right hip unless the participant reported a right hip replacement or metal objects in the right leg, in which case the left hip was measured. Lumbar spine BMD was measured in the anterior-posterior projection and calculated as the mean of the BMD from the first through fourth lumbar vertebrae. A standard phantom was used at all study clinics for cross-calibration. Interclinic coefficients of variation (CVs) were 0.9 (hip) and 0.6% (spine).
Measurement of sex steroids
At baseline, paired serum specimens were collected after an overnight fast and stored at Ϫ70 C until assayed. Assays were performed at the Oregon Health Sciences University General Clinical Research Center by a single technician. All testosterone and estradiol assays were completed in duplicate, and the average value was used in the analyses. Criteria were implemented to repeat the assay when replicates were highly discrepant within an assay; results from any repeat analyses were averaged with the original sample data. Pooled serum controls were used in every assay run.
Serum total testosterone was measured using a solid-phase 125 I RIA (Diagnostic Products Corp., Los Angeles, CA; detectable range 10 -1600 ng/dl; intraassay CV 5.4%; interassay CV 8.2%). Serum total estradiol was measured with an ultrasensitive RIA (Diagnostic Systems Laboratories, Webster, TX; detectable range 2.5-750 pg/ml; intraassay CV 8.5%; interassay CV 13.3%). SHBG was measured using an immunometric assay (Diagnostic Products; detectable range 0.2-180 nm; intraassay CV 3.3%; total assay CV 5.3%). Bioavailable testosterone and estradiol were calculated using mass action equations (16, 17) .
Other measurements
At study baseline, participants completed a self-administered questionnaire and were interviewed and examined by trained and certified clinical staff in the clinical center. Characteristics assessed included age, race, and weight.
Statistical analyses
Based on recommendations for a biochemical threshold to classify testosterone deficiency in older men ranging from 200 to 300 (18 -22) , participants were categorized as total testosterone deficient [Ͻ200 ng/dl (Ͻ6.9 nmol/liter)], possibly testosterone deficient [200 -400 ng/dl (6.9 -13.9 nmol/liter)], or normal [Ͼ400 ng/dl (Ͼ 13.9 nmol/liter), with secondary analyses categorizing participants as less than 200 ng/dl, 200 to less than 300 ng/dl, 300 to less than 400 ng/dl, 400 to less than 500 ng/dl, and 500 ng/dl or more. Considering published data suggesting a possible threshold for total estradiol deficiency in older men of 20 -30 pg/ml (23) and the total estradiol distribution in MrOS, participants were categorized as total estradiol deficient [Ͻ10 pg/ml (Ͻ 36.7 pmol/ liter)], possibly estradiol deficient [10 -20 pg/ml (36.7-73.4 pmol/liter)], or normal [Ͼ20 pg/ml (Ͼ 73.4 pmol/liter)], with secondary analyses categorizing participants as less than 10 pg/ml, 10 to less than 15 pg/ml, 15 to less than 20 pg/ml, 20 to less than 25 pg/ml, and 25 pg/ml or more. Bioavailable testosterone and estradiol levels were categorized into quintiles, and then the cut point defining the lowest fifth percentile for each of these bioavailable sex steroid levels was identified.
With respect to skeletal status, participants were categorized according to their baseline femoral neck and total hip BMD T-scores using a young Caucasian male reference database from National Health and Nutrition Examination Survey (NHANES) III (24) as osteoporotic (T Յ Ϫ2.5 at either hip site), osteopenic (low bone mass) (T Ͼ Ϫ2.5 at both sites and Յ Ϫ1 at either site), or normal (T Ͼ Ϫ1 at both sites). In secondary analyses, participants with T Ϫ2 or less at either hip site were defined as having low BMD, and alternatively participants were categorized according to their spine BMD T-scores, using the manufacturer's reference database, as osteoporotic (T Յ Ϫ2.5), low bone mass (T Ͼ Ϫ2.5 and Յ Ϫ1), or normal (T Ͼ Ϫ1). Rapid bone loss between the baseline and second exam was defined as 3% or greater annualized loss in BMD at either hip site because this rate has been reported to predict increased risk of incident fractures independent of BMD (25) . In secondary analyses, rapid bone loss was defined as 3% or greater annualized loss in spine BMD.
2 tests were used to compare the prevalence of osteoporosis (or secondarily of BMD T-score Յ Ϫ2) in participants: 1) with deficient or possibly deficient total testosterone or estradiol levels vs. those with normal levels of the respective sex steroid; 2) in each total testosterone category vs. a reference group with total testosterone 500 ng/dl or greater; 3) in each total estradiol category vs. a reference group with total estradiol 25 pg/ml or greater; and 4) in each quintile and then in the lowest fifth percentile of bioavailable testosterone or estradiol vs. reference groups in the highest quintile for the respective bioavailable sex steroid. 2 tests also were used to compare the prevalence of total testosterone or estradiol deficiency in participants with osteoporosis or low bone mass vs. a reference group with normal BMD.
Age-and weight-adjusted logistic regression analyses were used to examine the likelihood of osteoporosis or low BMD at baseline and of subsequent rapid bone loss associated with each of the above categories of sex steroid levels and the likelihood of total testosterone or estradiol deficiency associated with osteoporosis. Results were expressed as odds ratios (ORs) with 95% confidence intervals (CIs). Bone loss analyses were also adjusted for baseline femoral neck BMD, and all models examining testosterone as a predictor variable were further adjusted for total estradiol level, whereas those examining estradiol as a predictor variable were further adjusted for total testosterone level. Then all logistical regression analyses were additionally adjusted for clinic site and the stratified sex steroid sampling scheme. The statistical significance of these models was tested using 2 tests and Fischer's exact tests.
All analyses were performed with SAS (version 9.1; SAS Institute, Cary, NC).
Results

Study population
The 2447 participants in the cross-sectional analyses cohort had a mean age of 73 yr (sd 5.6; range 65-99) and were predominately Caucasian (Table 1) . Of these men, 130 (5.3%) were categorized as osteoporotic at the hip and 145 (5.9%) as osteoporotic at the spine. Seventy-three men (3.0%) were total testosterone deficient and 78 (3.2%) were total estradiol deficient. Only 16 participants (0.7%) were deficient in both total testosterone and total estradiol. Of men in the longitudinal analysis cohort, 107 (8.7%) experienced rapid hip bone loss, whereas 42 (3.4%) experienced rapid spine bone loss.
Hip osteoporosis associated with sex steroid deficiency
The prevalence of hip osteoporosis in men with deficient, possibly deficient, and normal total testosterone levels was 12.3, 4.1, and 6.0%, respectively (P ϭ 0.003) ( Table 2 ). For every eight men in the MrOS population with total testosterone deficiency, approximately one was osteoporotic. The age and weight-adjusted odds of being categorized as osteoporotic at baseline were increased 3.5-fold in men with total testosterone deficiency, compared with those with normal total testosterone levels (OR 3.5, 95% CI 1.5-7.7). Further adjustment for total estradiol level appeared to somewhat attenuate this association (OR 2.6, 95% CI 1.1-6.1). Analyses categorizing men into narrower total testosterone groups suggested a threshold relationship in that risk for osteoporosis was increased only at total testosterone levels less than 200 ng/dl. The prevalence of osteoporosis and the age-and weight-adjusted odds of being osteoporotic appeared similar in men across different quintiles of bioavailable testosterone. Although men below the fifth percentile for bioavailable testosterone (Ͻ126.5 ng/dl, n ϭ 117) appeared to have a modestly increased age-and weight-adjusted odds of osteoporosis (OR 2.0, 95% CI 0.9 -4.8), these results were not statistically significant and were attenuated by additional adjustment for total estradiol level (OR 1.4, 95% CI 0.6 -3.4).
The prevalence of hip osteoporosis in men with deficient, possibly deficient, and normal total estradiol levels was 15.4, 5.9, and 2.8%, respectively (P Ͻ 0.0001) ( Table 2 ). For every seven men in the MrOS population with total estradiol deficiency, approximately one was osteoporotic. The age-and weight-adjusted odds of being categorized as osteoporotic at baseline were increased 4.8-fold in men with total estradiol deficiency, compared with men with normal total estradiol levels (OR 4.8, 95% CI 2.1-10.6). Further adjustment for total testosterone level did not alter these results. Additional analyses suggested that risk for osteoporosis increased in a graded fashion for each lower total estradiol category. Similarly, the prevalence of osteoporosis and the age-and weight-adjusted odds of being osteoporotic appeared to increase monotonically with each lower bioavailable estradiol quintile without evidence for a threshold effect. When compared with men in the highest quintile, those below the fifth percentile for bioavailable estradiol (Ͻ6.7 pg/ml, n ϭ 117) had a greater than 4-fold increased age-and weight-adjusted risk of osteoporosis (OR 4.4, 95% CI 1.8 -10.6). Further adjustment for total testosterone level did not alter these results.
Sex steroid deficiency associated with hip osteoporosis
The prevalence of total testosterone deficiency among men with hip osteoporosis, low bone mass, and normal BMD was 6.9, 2.4, and 3.2%, respectively (P ϭ 0.01) ( Table 3) . For every 14 men in the MrOS population with osteoporosis, approx- a Participants were categorized according to their baseline femoral neck and total hip BMD T-scores using a young Caucasian male reference database from NHANES III as either osteoporotic (T Յ Ϫ2.5 at either hip site), osteopenic (low bone mass) (T Ͼ Ϫ2.5 at both sites and Յ Ϫ1 at either site), or normal (T Ͼ Ϫ1 at both sites). Participants were categorized according to their spine BMD T-scores using the manufacturer's young male Caucasian reference database as osteoporotic ͓T Ͻ Ϫ2.5; 5.9% (n ϭ 145)͔, low bone mass ͓T Ͼ Ϫ2.5 and Ͻ Ϫ1; 27.8% (n ϭ 681)͔, or normal ͓T Ͼ Ϫ1; 66.2% (n ϭ 1620)͔.
b Total testosterone levels categorized as deficient ͓Ͻ200 ng/dl (Ͻ 6.9 nmol/liter)͔, possibly deficient ͓200 -400 ng/dl (6.9 -13.9 nmol/ liter)͔, or normal ͓Ͼ400 ng/dl (Ͼ 13.9 nmol/liter)͔.
c Total estradiol levels categorized as deficient ͓Ͻ10 pg/ml (Ͻ36.7 pmol/liter)͔, possibly deficient ͓10 -20 pg/ml (36.7-73.4 pmol/liter)͔, or normal ͓Ͼ 20 pg/ml (Ͼ 73.4 pmol/liter)͔.
imately one was total testosterone deficient. The age-and weight-adjusted odds of being categorized as total testosterone deficient were increased 3.7-fold in men with osteoporosis (OR 3.7, 95% CI 1.6 -8.3). Additional adjustment for total estradiol level appeared to somewhat attenuate this association (OR 2.9, 95% CI 1.2-6.7). a Osteoporosis defined as femoral neck or total hip BMD T-score Ϫ2.5 or less. b Age and weight adjusted. c Total testosterone levels categorized as normal ͓Ͼ400 ng/dl (Ͼ 13.9 nmol/liter)͔, possibly deficient ͓200 -400 ng/dl (6.9 -13.9 nmol/liter)͔, or deficient ͓Ͻ200 ng/dl (Ͻ6.9 nmol/liter)͔.
d Bioavailable testosterone quintiles in nanograms per deciliter were as follows: less than 168.6, 168.6 to less than 200.0, 200.0 to less than 226.1, 226.1 to less than 262.2, and 262.2 or more.
e Total estradiol levels categorized as normal ͓Ͼ20 pg/ml (Ͼ73.4 pmol/liter)͔, possibly deficient ͓10 -20 pg/ml (36.7-73.4 pmol/liter)͔, or deficient ͓Ͻ10 pg/ml (Ͻ36.7 pmol/liter)͔.
f Bioavailable estradiol quintiles in picograms per milliliter were as follows: less than 8.9, 8.9 to less than 10.7, 10.7 to less than 12.5, 12.5 to less than 15.0, and 15.0 or less. a Participants were categorized according to their baseline femoral neck and total hip BMD T-scores using a young Caucasian male reference database from NHANES III as osteoporotic (T Յ Ϫ2.5 or less at either hip site), osteopenic (low bone mass; T Ͼ Ϫ2.5 at both sites and Յ Ϫ1 at either site), or normal (T Ͼ Ϫ1 at both sites).
b Total testosterone deficiency defined as less than 200 ng/dl (6.9 nmol/liter). c Age and weight adjusted. d Total estradiol deficiency defined as less than 10 pg/ml (36.7 pmol/liter).
The prevalence of total estradiol deficiency among men with hip osteoporosis, low bone mass, and normal BMD was 9.2, 3.3, and 2.4%, respectively (P ϭ 0.0001) ( Table 3) . For every 11 men in the MrOS population with osteoporosis, approximately one was total estradiol deficient. The age-and weight-adjusted odds of being categorized as total estradiol deficient were increased 3.9-fold in men with osteoporosis (OR 3.9, 95% CI 1.8 -8.4). Additional adjustment for total testosterone level did not alter these results.
Rapid hip bone loss associated with sex steroid deficiency
The incidence of rapid hip bone loss in men with deficient, possibly deficient, and normal total testosterone levels was 22.5, 7.9, and 8.6%, respectively (P ϭ 0.007). In results adjusted for age, weight and baseline BMD, when compared with participants with normal total testosterone, the odds of subsequent rapid bone loss were 3.2-fold greater in those with total testosterone deficiency (OR 3.2, 95% CI 1.4 -7.3) (Table 4) . Additional analyses suggested a threshold relationship in that risk for rapid bone loss was increased only at total testosterone levels less than 200 ng/dl. After adjustment for age, weight, and baseline BMD, differences in risk of rapid bone loss were statistically significant across quintiles of bioavailable testosterone but without a clear direction. However, when compared with men in the highest quintile, those below the fifth percentile for bioavailable testosterone appeared at greater risk of rapid bone loss (OR 2.6, 95% CI 1.1-6.1). Additional adjustment for total estradiol level did not alter these results.
The incidence of rapid hip bone loss in men with deficient, possibly deficient, and normal total estradiol levels was 14.3, 9.7, and 6.3%, respectively (P ϭ 0.08). In results adjusted for age, weight, and baseline BMD, when compared with participants with normal total estradiol levels, the odds of rapid bone loss appeared 2.1-fold greater in those with total estradiol deficiency, although these results were not statistically significant (OR 2.1, 95% CI 0.7-6.0) ( Table 4) . Analyses categorizing men into narrower total estradiol groups showed no clear association between total estradiol level and risk of rapid bone loss. Incidence and odds of rapid bone loss appeared to increase modestly but monotonically for each lower bioavailable estradiol quintile a Rapid bone loss defined as 3% or greater annualized rate of femoral neck or total hip BMD loss between first and second MrOS exams (mean interval 1.8 yr).
b Age, weight, and baseline femoral neck BMD adjusted. c Total testosterone levels categorized as normal ͓Ͼ400 ng/dl (Ͼ13.9 nmol/liter)͔, possibly deficient ͓200 -400 ng/dl (6.9 -13.9 nmol/liter)͔, or deficient ͓Ͻ200 ng/dl (Ͻ6.9 nmol/liter)͔.
d Bioavailable testosterone quintiles in nanograms per deciliter were as follows: less than 168.6, 168.6 to less than 200.0, 200.0 to less than 226.1, 226.1 to less than 262.2, and 262.2 or greater.
f Bioavailable estradiol quintiles in picograms per milliliter were as follows: less than 8.9, 8.9 to less than 10.7, 10.7 to less than 12.5, 12.5 to less than 15.0, and 15.0 or greater. without evidence of a threshold effect. When compared with men in the highest quintile, those below the fifth percentile for bioavailable estradiol appeared to have a 1.9-fold increase in the age-, weight-, and BMD-adjusted odds of rapid bone loss (OR 1.9, 95% CI 0.7-5.1). However, none these results were statistically significant. The above results were not altered by additional adjustment for total testosterone level.
Additional analyses
The prevalence of hip BMD T-score of Ϫ2 or less was approximately triple that of osteoporosis [n ϭ 403 (16.5%)], and associations between sex steroid deficiency categories and hip T-score of Ϫ2 or less appeared attenuated, compared with their respective associations with osteoporosis. Specifically, the age-and weight-adjusted odds of hip T-score of Ϫ2 or less were increased 2.1-fold in men with total testosterone deficiency (OR 2.1, 95% CI 1.1-3.9) and 3.3-fold in men with total estradiol deficiency (OR 3.3, 95% CI 1.8 -5.8).
The age-and weight-adjusted odds of being osteoporotic at the spine at baseline were not increased in men with either total testosterone or estradiol deficiency and did not differ across quintiles of bioavailable testosterone (data not shown). However, risk for osteoporosis was increased in the lowest bioavailable estradiol quintile (OR 1.9, 95% CI 1.1-3.4). The odds of total testosterone or estradiol deficiency were not increased in men with spine osteoporosis. Last, the age-, weight-, and baseline BMD-adjusted odds of rapid spine bone loss appeared possibly increased by either deficient total testosterone (OR 2.4, 95% CI 0.7-8.9) or deficient total estradiol (OR 3.4, 95% CI 0.9 -13.6), although neither result was statistically significant.
Additional adjustment of logistical regression analyses for clinic site and the sex steroid stratified sampling scheme did not alter our results.
Discussion
In the present study, we found that older men with total testosterone or total estradiol deficiency were more likely to be osteoporotic at the hip. Conversely, older men with hip osteoporosis were more likely to be total testosterone or total estradiol deficient. Older men with total testosterone deficiency, and possibly men with total estradiol deficiency, were at increased risk of subsequent rapid hip bone loss. There was little association of testosterone or estradiol deficiency with baseline spine osteoporosis, but results suggested that both sex steroid deficiencies may increase risk of subsequent rapid spine bone loss.
Our analyses, in suggesting that total estradiol deficiency was possibly a stronger predictor of hip osteoporosis than was total testosterone deficiency and that low bioavailable estradiol was associated with osteoporosis whereas low bioavailable testosterone was not, are generally consistent with other studies in older men (1) (2) (3) (4) (5) (6) . However, our finding that total testosterone deficiency was associated with osteoporosis independent of estradiol levels contrasts with findings of previous studies (5, 8) . Similarly, our findings that low total and bioavailable testosterone appeared to be possibly stronger predictors of rapid hip bone loss than were low total and bioavailable estradiol are not consistent with previous reports (3, 5, 8) . Whereas previous studies have used correlations to compare the relative strengths of association of total sex steroid levels and their respective bioavailable fractions with BMD and bone loss, this was not the purpose of the present study given its cut point-based analysis approach and the lack of clearly established thresholds for bioavailable testosterone or estradiol deficiency.
The present study also appears to contrast with previously published work in its failure to identify a threshold association of bioavailable estradiol with risk for osteoporosis and rapid bone loss. Previous longitudinal analyses conducted in 130 men aged 60 -90 yr had suggested that men with total estradiol levels less than 31 pg/ml (and bioavailable estradiol levels Ͻ 11 pg/ml) had higher rates of bone loss than men with levels above these thresholds (8) . Conclusions drawn by authors of this prior study appear to have been based primarily on observed rates of bone loss at the radius and ulna. However, the elderly men in this earlier study experienced a net gain in BMD at the total hip and net loss in BMD at the spine, and authors reported that there was no threshold effect of bioavailable estradiol at these skeletal sites. The current study examined the prevalence and odds of osteoporosis and rapid bone loss at the hip and spine but did not collect BMD data at other skeletal sites.
The biochemical criteria used to define total testosterone and estradiol deficiency were based on previously published recommendations (18 -23) , although within the range of suggested cut points we chose those that classified only a small proportion of MrOS men as abnormal. By comparison, because there are no conventional definitions for bioavailable testosterone or estradiol deficiency, we categorized men into quintiles for these variables. Then, because even the lowest quintiles classified a large proportion of MrOS men as abnormal and could have attenuated any association of low bioavailable testosterone or estradiol with osteoporosis and rapid bone loss, we further examined the risk for osteoporosis and rapid bone loss in men in the lowest fifth percentile of these bioavailable sex steroid fractions.
Our findings have several implications for clinical practice and future research. These data suggest that for older men with documented total testosterone or estradiol deficiency, measurement of BMD should be considered. In MrOS, for every eight men with total testosterone deficiency and every seven men with total estradiol deficiency, approximately one was identified as osteoporotic. Clinician awareness of osteoporosis in these men is relevant because bisphosphonate treatment may reduce their subsequent risk of fractures (26) .
While study data suggest that older men with osteoporosis have an increased prevalence of total testosterone or estradiol deficiency, it is uncertain whether measurement of sex steroid levels in osteoporotic men provides additional information that should change their clinical management. By virtue of being osteoporotic, these men may already be candidates for bisphosphonate therapy (26) , and there is as yet no evidence that sex hormone treatment provides additional fracture protection or that sex steroid levels predict BMD response to bisphosphonates (27) . Whereas clinical practice in this area remains controversial, individuals in this population may be candidates for randomized trials examining the effect of testosterone, selective androgen receptor modulators, or selective estrogen receptor modulators in comparison with or in combination with bisphosphonates or other therapies on changes in BMD and fracture. Planned clinical trials to establish whether potential nonbone benefits of testosterone treatment outweigh risks in older men will further inform clinical decision making (28) .
Finally, our findings suggest that the cut points used here for defining osteoporosis, total testosterone deficiency, and total estradiol deficiency may be useful in the clinical setting, at least with respect to the association between sex steroids and bone. Our results indicate that less extreme cut points for total testosterone deficiency and total estradiol deficiency are likely to be weaker predictors of osteoporosis and rapid bone loss. Future studies, including an ongoing analysis of MrOS data (29) , may determine whether there are better clinical thresholds for defining total testosterone and estradiol deficiency in older men and whether there are clinically useful cut points for defining deficiency of bioavailable estradiol and testosterone. It also will be important to examine whether these measures can be shown to predict incident fractures.
This study has numerous strengths. To our knowledge, it is the largest study to examine the association of sex steroids with BMD in older men and one of relatively few to examine the longitudinal association of sex steroids with bone loss in older men. However, its greater value may be that it examines the association between sex steroids and bone in older men from a clinical perspective, using defined cut points that may guide decision making.
This study also has several limitations. First, we used unextracted RIA methods to determine total sex steroid levels. Although stringent quality control procedures were used to increase assay precision, this technique is somewhat less reliable in measuring very low total estradiol levels [for men with total estradiol Յ 10 pg/ml (n ϭ 78), intraassay CV 22.3%]. Second, although men were classified as total testosterone or estradiol deficient based solely on biochemical criteria and without consideration of clinical symptoms, the cut points used were stringent and should have identified men who were more severely hypogonadal (20) . Third, our definition for rapid bone loss was based on the rate of bone loss that predicted increased risk of incident fracture in a population of postmenopausal women (25) because no such data have been reported in older men. Fourth, associations between sex steroid measurements and spine BMD could have been partially confounded by vertebral osteoarthritis and/or aortic calcification. Finally, because MrOS participants are community dwelling, and predominately Caucasian, study findings may not apply to other population groups.
In conclusion, we found that older men with total testosterone or estradiol deficiency were more likely to have osteoporosis. Conversely, older men with osteoporosis were more likely to have total testosterone or estradiol deficiency. Older men with total testosterone deficiency were more likely to experience subsequent rapid bone loss. BMD testing of older men with sex steroid deficiency may be warranted to identify those with osteoporosis who potentially may benefit from bisphosphonate therapy. At present, there is insufficient evidence that identifying sex steroid deficiency in older osteoporotic men warrants changes in patient management, but data regarding the prevalence of sex steroid deficiency in this population may aid in planning future clinical trials.
